We present observations of 136 RS CVn active binary systems obtained with the ROSAT Position Sensitive Proportional Counter (PSPC) during the All-Sky Survey phase of the mission. Of this sample, 112 targets were detected in exposures of ~600 s or less. This represents the largest sample of RS CVn systems observed to date at any wavelength, including X-rays. Furthermore, since the entire sky was surveyed, these data do not suffer from any biases other than those present in the methods used to discover the RS CVn binaries. A maximum value of FV/Fboi ~ 10" 3 , where F x is the surface flux, is found with no apparent dependence on (B -V) color. This is consistent with the hypothesis that there is a maximum ( "saturated" ) coronal heating rate for the most active and rapidly rotating stars. No correlation between L x and L hol is evident in the data. We observe a decrease in surface flux with increasing period for the entire sample, but this trend results from the giants and subgiants since for dwarfs the surface fluxes are independent of rotation period. For the evolved stars, the flux-period relation results from the strong correlation of period and stellar radius. No dependence of X-ray emission on t> rot , orbital separation or the Roche lobe filling fraction is observed. We demonstrate that the secondary does not affect the activity level of the system other than inducing, and maintaining, rapid rotation in the active star. Except for dwarfs, the rotation period provides the best stellar or orbital parameter to predict the X-ray surface flux level. Comparison of the X-ray properties of the RS CVn systems with 6 cm radio and C rv ultraviolet emission is also presented.
INTRODUCTION
Angular momentum has long been established as playing a fundamental role in determining the magnetic activity level of many late-type stars. More than 20 yr ago, Wilson (1966) , Kraft ( 1967) , and Skumanich (1972) proposed that as stars evolve their rotation rates decrease through magnetic braking which is accompanied by a parallel decrease in the various measures of stellar activity. As demonstrated by Bopp et al. ( 1981 ) , the difference between dMe stars and dM stars is that the former are more rapidly rotating with t; sin / > 5 km s -1 . Further evidence that the rotation rate determines the activity level resulted from the study of synchronized binaries where systems with the strongest Ca n H and K chromospheric emission were shown to have the shortest periods (Middlekoop & Zwaan 1981) . Such a causal relation was finally established with the important work of Noyes et al. ( 1984) , who demonstrated a strong correlation between Ca n H and K flux, an indicator of chromospheric emission, and the Rossby number, a fundamental dynamo parameter, which depends on the rotation period, P rot . On the Sun, strong Ca n emission is observed in regions with enhanced magnetic fields such as plages. Subsequently, a plethora of activity indicators (Ha, C rv, 6 cm, etc.) were found to be correlated with the Rossby number or P rot . (Barden 1985; Basil 1987; Simon & Fekel 1987; Drake, Simon, & Linsky 1989, hereafter DSLa) .
Since stars spin down as they age, due to angular momentum loss via magnetic braking (e.g., Gray 1981 Gray ,1989 , rapidly rotating single stars are not very common. However, close binary systems offer an excellent laboratory in which to study the effects of rotation on chromospheric and coronal radiation, since tidal forces synchronize the rotation period to that of the orbital period in a relatively short interval of time (Zahn 1977; Tassoul 1988; Goldman & Mazeh 1991) . There are several classes of binaries where these effects have been observed. Prominent among such systems are the RS Canum Venaticorum (RS CVn) binaries. The defining properties of these systems were first identified by Hall (1976) . Typically RS CVn systems consist of a G-or K-type giant or subgiant with a late-type main-sequence or subgiant companion. RS CVns with orbital periods less than ~30 days usually have synchronous orbital and rotational periods ( see Strassmeier et al. 1988 , hereafter CABS [ Catalogue of Active Binary Stars ] ). Popper & Ulrich (1977) argue that the RS CVn systems evolve from normal nonemission main-sequence binaries, acquiring their properties only after entering the Hertzsprung gap. A related class of objects is the BY Draconis (BY Dra) binaries which typically contain two late-type main-sequence stars. Although they are main-sequence stars, the evolutionary status of the BY Dra systems is not clear. Vogt & Fekel (1979) suggested that BY Draconis itself is pre-MS and Soderblom ( 1990) assigned an age of 1-2 Gyr for the systems in general. Eker ( 1992) finds BY Dra systems with kinematic properties comparable to both the young and old disk populations. Collier ( 1982) and Fekel, Moffett, & Henry ( 1986) have suggested that RS CVn binaries should actually be classified as early BY Dra systems. The most extensive fist of RS CVn and BY Dra systems is the catalog of active binaries by Strassmeier et al. ( 1988, henceforth CABS) and the revised edition (Strassmeier 1992) .
Another class of active binaries is the Algol systems. These systems are evolved, close binaries where the late-type component, typically of spectral type K, fills its Roche lobe and is losing mass to an A-or B-type companion. While these binaries have the added complication of mass transfer, strong stellar winds and accretion disks, they share many of the characteristics of the other systems. Approximately 100 Algol systems are now known (Giuricin, Madirossian, & Mezzetti 1983) . Many of the close RS CVns may eventually evolve into Algol-type binaries or even W Ursae Majoris contact systems. Blair et al. (1981) postulated that some RS CVn binaries evolve into symbiotic systems.
Ultraviolet and X-ray observations with the IUE, EXOSA T, and Einstein satellites have shown that virtually all late-type stars possess chromospheres and coronae. Since strong coronal and chromospheric activity are believed to be related to a magnetic dynamo through rotation, it is perhaps not surprising that the active binaries also possess chromospheres and coronae. Among the late-type stars, the RS CVn systems have the largest X-ray luminosities, typically ~ K) 29-31 * 5 ergs s -1 . Previous studies of the active binaries by Swank et al. ( 1981 ) , Majer et al. ( 1986) , Pasquini, Schmitt, & Pallavicini (1989) , and Schmitt et al. ( 1990) identified the presence of a persistent high temperature ( >2 X 10 7 K) component, characteristic of solar flare plasma, together with cooler plasma (few times 10 6 K) more like the quiet solar corona. Various parametric dependencies of L x and F x on such quantities as v sin /, P rot , and colors have been proposed by Pallavicini et al. (1981) , Walter & Bowyer (1981) , and Majer et al. (1986) , among others, for RS CVn binaries and other stars. Similar to Noyes et al. ( 1984) , Pallavicini et al. found that L x for single dwarfs is correlated with the rotational velocity, v sin /, while Walter & Bowyer ( 1981 ) found L x /~ P'i for binaries. Studies of Ca n and UV emission in the RS CVns (Strassmeier et al. 1990; Simon & Fekel 1987; Basri 1987 ) also indicated a weak dependence of surface flux on rotation. However, Rengarajan & Verma ( 1983) concluded that such period-activity relations are due solely to the dependence of on period, which simply follows from longer period binaries with larger Roche lobes being able to accommodate larger stars. Majer et al. concluded that no dependence exists between the X-ray flux or coronal temperatures and P rot or v sin /. Coronal temperatures and emission measures were shown to be a function of Rossby number or period by Jordan & Montesinos ( 1991 ) and Dempsey et al. ( 1993a, henceforth Paper II) , although the later notes that this may be solely the result of a radius-period relation.
In 1990 July, the Röntgensatellite {ROSAT) began an allsky survey which it completed ~6 months later. ROSATs low background and high sensitivity, combined with its complete coverage of the sky, presents an excellent opportunity to study all of the more than 300 RS CVn, BY Dra, and Algol-type binaries. This paper is the first in a series reporting on the results of the ROSAT All-Sky Survey (RASS) of active binaries. Here we report global quiescent properties for the 136 RS CVn systems listed in CABS. Our results represent an increase in the number of RS CVn systems studied in soft X-rays by nearly a factor of 2 over all previous studies combined. Furthermore, since the entire sky was surveyed, our data set does not suffer from some of the biases present in previous X-ray studies where only the most luminous or most active systems were observed.
DATA ANALYSIS
A full description of the X-ray telescope and the PSPC detector can be found in Trümper ( 1983) and in Pfeffermann et al. ( 1987) . The PSPC has a energy range of 0.1-2.4 keV with a spectral resolution of XEjE ^ 0.42 at 1 keV. A description of the survey can be found in Cruddace et al. ( 1989) . During the survey, each source was in the 2° field of view of the PSPC for <30 s once every 96 minutes for ~2 days yielding a typical total exposure of ~600 s. Data were analyzed using methods described in Fleming et al. ( 1993 ) . Quiescent count rates were determined for all systems labeled as "RS CVn" in CABS. However, it must be emphasized that the CABS does not apply the Hall (1976) definition of a RS CVn binary rigorously. Thus the sample is not necessarily homogeneous since binaries like a Aurigae are not true RS CVns and some binaries, such as RZ Cancri and AR Monocerotis, have also been classified as Algol systems (Giuricin et al. 1983) . Stellar properties, count rates, and errors are listed in Tables 1-2 . From the total sample of 136 targets, 112 RS CVn systems were positively detected with a maximum-likelihood algorithm and upper limits were computed for the remaining 24 systems.
Converting the observed count rates into fluxes requires knowledge of the incident spectrum which we do not have. The observed low-resolution spectra can be modeled using a hot, optically thin plasma with line emission from prominent ions to estimate the temperature and emission measure of the stellar corona. We used the model of Raymond & Smith ( 1977) (see Paper II). Using the results of Paper II we determined the conversion factor 6 X 10 -12 ergs cm -2 count -1 . Fluxes from direct modeling were used in place of count rates for the 44 sources in Paper II. Observed mean count rates are listed in Table 1 .
Distances listed in CABS were used to convert fluxes at Earth to the luminosities, L x , listed in Table 1 . Radii were also taken from CABS to convert luminosities to surface fluxes, F x , except in a few cases where data were not available. For these cases we used the Bames-Evans relation to estimate the angular diameter (Barnes & Evans 1976; Barnes, Evans, & Moffett 1978) .
Since RS CVns are binary systems, it is important to estimate the relative contribution of each component to the total flux, especially when both stars are known to be active. However, even in systems with very high levels of activity, as indicated by strong and variable Ca n and Ha emission, the less active star is frequently a minor contributor to the integrated X-ray flux and can usually be ignored. For example, in one of the most active RS CVn systems, V711 Tauri, the less active component's contribution is negligible to the total flux (Bu- Designate that L x has been divided equally among the components. ergy into coronal X-ray emission. The existence of such a limit agrees well with crude dynamo models (Gilman 1983; Glatzmeier 1985 ; see also Mullan 1984) , but as of yet no rigorous derivation is available. The dwarf system lying highest above the 10~3 line in Figure 2 is HD 22403 consisting of a G2 V (v sin i = 30 km s -1 ) primary and a K V companion with v sin i = 19 km s -1 . CABS assigns the activity to the G star, although the cooler component probably is also active. However, this does not account for the high surface flux. A flare was detected during the 2 days of the survey, but this was removed before calculating the flux and the remaining portion of the light curve is extremely flat indicating no obvious flaring. We suspect that the G star's radius is underestimated, but this suspicion cannot be confirmed at this time. Finally, we note that the spectrum is unusually hard for a RS CVn (Paper II).
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A unique aspect of this study is the large number of systems surveyed; more than twice the number previously studied. We therefore systematically searched for relationships of the X-ray properties to stellar and orbital parameters that might explain zasi, Ramsey, & Huenmoerder 1992) . Therefore, only in systems where the components are of nearly identical spectral type and luminosity class, or if relative contributions are known from eclipse observations, as is the case of AR Lac, was F x divided between the two stars. Otherwise the flux was assigned to the cooler component unless designated otherwise in CABS.
Before proceeding with our analysis, we compare the derived ROSATluminosities with previous results. Einstein and HEAO 1 provided X-ray luminosities for -60 RS CVns (Walteretal. 1980; Walter&Bowyer 1981; Swank et al. 1981; Majer et al. 1986; Schmitt et al. 1990 ), but only spectral models, and no luminosities, have been published for the 15 EXO-SAT observations of RS CVns (Pasquini et al. 1990 ). The energy ranges of the Einstein and HEAO 1 detectors were 0.15-4.5 and 0.15-2.8 keV, respectively. These data are compared in Figure 1 . Some of the scatter likely results from intrinsic variability but the correlations are nevertheless quite tight. If we assume the fluxes from the diflerent detectors difler only by a multiplicative factor, then a least-squares fit yields f x ( RO-SAT) = (0.97 ± 0.03 ) f x (Einstein) and f x ( ROSAT) = (1.02 ± 0.01)f x {HEAO). Here/r is the flux observed at Earth. This indicates that there are no significant systematic differences between the three instruments.
DISCUSSION AND CONCLUSIONS
X-ray surface fluxes for the RS CVn systems are found to he in the range of 10 4 -10 8 ergs cm -2 s _1 . Surface flux as a function of {B -V) color is displayed in Figure 2 . The data points are plotted as arabic numerals indicating the luminosity class of each star. Zeros designate stars of unknown luminosity class, while circled points represent upper limits. Systems above F x / -10 -4 are predominantly rapidly rotating (Prot < 10 d ) dwarfs. The empirical maximum value of F x / ^boi ~ 10 -3 for the RS CVn systems is similar to the "saturation" limit found by Vilhu & Walter (1987) , who interpreted this upper bound as a limit to the conversion of magnetic en- Figure 2 . We have used throughout this paper the maximumlikelihood method (ML) of DSLa (see also Drake, Simon, & Linsky 1992, henceforth DSLb), which accommodates censored data. Results of the fits are summarized in Table 3 .
In the following we single out a few selected relationships for a more detailed discussion. The dependence of F x and L x on P roX is shown for all systems in Figure 3 . If P roX is not known and F orb < 30 days we used instead F orb ^ since the majority of RS CVn systems in this period range are, or nearly are, synchronous systems. As found in previous studies, we see a decrease in F x with increasing P TOX . A leveling off of F x is observed for P voX < 3 d . For the entire sample we find F x ~ P~X S4±0A2 (solid line in Figure 3 ) compared to Walter & Bowyer's (1981) value of Lx/L^x ~ P -11±01 based on a smaller sample of RS CVns. However, from Table 3 and Figure 3 it is apparent that F x is independent of period for d warf systems ( dashed fine in Fig. 3 ) and that the negative slope results solely from the giants and subgiants. This has not been observed among the active binaries previously and is markedly different from the behavior of single dwarfs. Giants and subgiants alone yield F x ~ P' 1 . Also shown in Figure 3 is L x versus and P TOX . There may be a slight trend of L x with Z^, with fits yielding a slope of 0.24 ± 0.11. We do not see any correlation of F x or L x with v sin i or v TOX .
How fundamental is the rotation-period relation in determining the surface flux? As shown in Figure 4 , stellar radius is a strong function of rotational period showing the same relationship with period, including the leveling off for log (Z^t) < 0.5, as does F x . Walter & Bowyer (1981) argue that the criteria used to select RS CVn systems introduce the additional bias of a period-radius relationship. This results primarily from the fact that the RS CVn systems are synchronous binaries covering a narrow range in effective temperature. However, the flat distribution of dwarfs out to periods of 30 days argues against a flux-period relation, unless all of the dwarf systems have surface fluxes near the saturation limit. This is not observed here with many dwarfs having F x ! F^ -10 _4 -10 -5 , well below the saturation limit. Furthermore, the observed flux-period relation is very different than that observed for single main-sequence stars ( Montesinos & Jordan 1988 ) . Therefore, we confirm the conclusion of Rengarajan & Verma ( 1983) , based on a smaller sample, that the period-activity relation follows from the dependence of radius on period.
How much of the scatter seen in Figures 2 and 3 (top) is due to source variability (both intrinsic and due to the rotation of active regions on to and off from the active hemisphere) and how much results from a dependence of F x on stellar parameters other than rotational period? Few stars have a large number of X-ray observations over time so source X-ray variability is difficult to estimate. However, one of our targets, V711 Tau, has been observed for many years by IUE. We converted the C iv fluxes summarized by Dorren & Guinan ( 1990) into Xray fluxes using the relation F x -F¿ 4 V . The exponent of 1.4 is derived below and is similar to previous results (e.g., Ayres, Marstad, & Linsky 1981 ) . We plot this range as a vertical bar in Figures 2 and 3 . From this we can conclude that source variability alone cannot account for the observed scatter. To determine whether the observed ranges in F x and F c IV for the entire sample are similar, we fitted Gaussians to the distribution of X-ray and C iv luminosities about their respective means and compared their widths at full-width at half-maximum (FWHM). Data for C rv are from Simon & Fekel ( 1987) . We find log (FWHM^/log (FWHM Clv ) ^ 1.5, indicating the scatter seen in Figure 3 is consistent with the scatter observed in ultraviolet transitions formed at temperatures near 10 5 K. Therefore the scatter in Figure 3 is not due to any systematic effects associated with POSAT and is completely consistent with the range observed in C rv.
A possible additional factor in explaining the scatter is color, since the convective turnover time, a parameter believed fundamental to determining the strength of the magnetic dynamo, is a function of spectral type and hence color. Noyes et al. (1984) found a secondary dependence of flux on color for single stars, but Simon & Fekel ( 1987) found no color dependence of UV fluxes among a smaller sample of active binaries. Table 3 reveals no direct dependence on color. As one last test, we performed least-squares multivariate analysis. We find:
Subgiants ,
The surface flux thus depends on rotational period with perhaps only a weak dependence on color for subgiants and dwarfs. This does not rule out that there may be a color term, but the functional dependence must be different that than tried here. We present in Figure 5 the X-ray luminosity surface flux as a function of Roche lobe filling fraction, T = 7?*/^Roche> f°r 37 1.12 ± 0.33 17/3 -0.29 ± 0.45
Giants only systems. Reliable radii and/or masses were not available for the rest of the sample. Remarkably, no correlation is evident. This indicates that the activity level is independent of tidal forces. Furthermore, we conclude that the secondary star plays no role in the X-ray activity level of the system other than providing a mechanism to produce, and maintain, rapid rotation. Demircan ( 1987) claimed to find a dependence of surface flux on T. However, his sample size was smaller and his data appear completely consistent with our data in Figure 5 . While F x for each subset is independent of separation, a, the entire sample shows a weak trend of decreasing surface flux with increasing separation (Table 3 ). This trend results almost exclusively from the giants having larger radii and lower fluxes than the dwarfs and subgiants. However, this is not surprising and just reflects that larger separations can accommodate larger stars. Therefore, we conclude, that other than acting to tidally spin up the system, the secondary plays no direct role in determining the X-ray activity level.
The absence of any correlation of F x or L x with V is remarkable, because the coronal heating mechanism for these active stars must be magnetic in character and the magnetic field depends on the interaction between convection and differential rotation inside the star. One would anticipate that tidal forces would play a major role in controlling circulation patterns and the dependence of rotation rate on radius and latitude by distorting the shape of the star as T approaches unity, but the data presented in Figure 5 indicate otherwise. We encourage calculations of the effect of tidal forces on the internal structure and dynamics of stars in RS CYn systems to understand why tidal forces have no apparent effect on the X-ray emission.
Several previous studies have probed the nature of radio and UV emission among the RS CVn binaries. Since these studies have been biased toward the more active systems and have been based on smaller sample sizes, we felt it important to reinvestigate these results for completeness. In Figure 6 we plot No. 2, 1993 log(Prot) Fig. 3 .-Surface flux -rotational period (top). Symbols are as in Fig.  2 . Note that there is a change in slope of the points near log (Prot) ~ 0.5, while the line is a best fit to all the data. We indicate V711 Tau with an asterisk and include the likely range (vertical bar) in F x assuming F x ~ Pew with C rv fluxes from Dorren & Guinan ( 1990) . The solid line is the best fit to all the data while the dashed line is the fit for the dwarfs only. For comparison we show L x vs. P rot (middle) and L x -(bottom). Fig. 2 . The slope of the data, and the break at 0.5 is similar to that seen in Fig. 3 (top) . Note that the radii of the dwarfs is independent of period and that the slope results almost exclusively from giants.
the X-ray activity (as measured through X-ray luminosity) versus radio intensity as presented by DSLa and DSLb; unfortunately, only data at 6 cm are available for a large number of systems. A solid line indicates a best-fit slope of a = 1.14 ± 0.19 for L 6 ^ L a x , while the dashed line has a slope of unity. This is consistent with the DSLa,b result of a = 1.3. Scaling to the bolometric luminosity, to eliminate any distance dependence, we find L 6 /Lboi ~ (LxIL^)
102^14, compared to L 6 / Lbo! ~ (L^/LboO 116±012 in DSLa,b; agreement is excellent. Since the ML routine cannot handle censored data in both variables, and both L^and L 6 include upper limits, only upper limits in L 6 were used in determining the slope. While the 6 cm data in DSLa,b are extensive, none of the observations were simultaneous with those of ROSAT. Simultaneous ROSAT, log(r) Fig. 5 .-X-ray surface flux (top) and luminosity (bottom) vs. Roche lobe filling fraction (T = P*/P lobe ). Symbols are as in Fig. 2 . Clearly no trend is evident, either in the entire data set or in subsets separated according to luminosity class. IUE, and VLA monitoring are discussed elsewhere (Fox et al. 1992 ) with identical results. Our results confirm the findings of DSLa and support their suggestion that both the X-ray and radio emission are produced by the same 7 = 5 X 10 7 K thermal electrons.
Finally, we wish to consider the relationship between X-ray luminosity and C rv. Fluxes for C iv were taken from Simon & Fekel (1987) . Figure 7 compares the X-ray and C iv luminosities. Maximum likelihood fits yield L x ~ L¿ ^1 ±012 and L x ! ~ (L Clv /L bol ) 1 -40±0 09 . These slopes agree well with the value of 1.6 derived by DSLa. The cause of such a strong correlation of the coronal X-ray and transition region (C rv) luminosities is not presently known (see Hammer 1992) . Agreement is also good with Haisch et al. (1990) XA for a large sample of single and binary stars where F v is the flux in the Johnson F band.
Can we use any of the above results to predict the X-ray emission level of the RS CVn systems? Among stellar parameters, P rot provides the best estimator of F x , except for dwarf Fig. 5 , but with C rv. C rv data were taken from Simon & Fekel ( 1986 ) . Note that no upper limits were available. Here the slopes of the solid lines are 1.40 ± 0.12 and 1.40 ± 0.09 for the top and bottom frames, respectively.
systems. This independence of F x versus P xoX for dwarfs had not been identified in earlier studies. Results for additional dwarf systems, the BY Dra binaries, will be presented in future papers. Clearly, there is another factor which determines the spread in fluxes in Figures 2-3 , but we have not been able to identify the nature of this parameter with these data. It is possible that a large variety of different systems with a range of masses, and therefore with an equally large range in convective turnover times, evolve into the narrow band of the Hertzsprung gap, thus producing too disparate of a group to support one simple flux-period relation. We have also demonstrated that the secondary star plays no role in determining the activity level of the system but only serves as a means of producing rapid rotation. However, this does not explain the fact that binaries have a higher F x for a given 7 rot than do single stars (Montesinos & Jordan 1988) . Besides period, the observed relations of L x on L 6cm and L Clv can be used to estimate the X-ray surface flux of active binaries with confidence, but these relationships are not a function of intrinsic stellar parameters such as period or color.
Since the RASS provides 2 days of coverage, we can begin to discuss variability and how it is related to the overall activity
